Aims. We present a comprehensive temporal and spectral analysis of the long Swift GRB 120327A afterglow data to investigate the possible causes of the observed early time colour variations. Methods. We collected data from various instruments/telescopes in different bands (X-rays, ultra-violet, optical and near-infrared) and determined the shapes of the afterglow early-time light curves. We studied the overall temporal behaviour and the spectral energy distributions from early to late times. Results. The ultra-violet, optical, and near-infrared light curves can be modelled with a single power-law component between 200 and 2 × 10 4 s after the burst event. The X-ray light curve shows a canonical steep-shallow-steep behaviour, typical of long gamma-ray bursts. At early times a colour variation is observed in the ultra-violet/optical bands, while at very late times a hint of a re-brightening is visible. The observed early time colour change can be explained as a variation in the intrinsic optical spectral index, rather than an evolution of the optical extinction.
Introduction
The early afterglow is one of most interesting emission stages of Gamma-Ray Bursts (GRBs). In a few tens of seconds the afterSend offprint requests to: andrea.melandri@brera.inaf.it * Deceased glow emission (X-ray, ultra-violet, optical, infrared and radio) begins to dominate over the fading prompt (gamma-ray) emission, and the time-scale and intensity of the phenomenon offer powerful diagnostics about the physical processes within the outflow and about the environment of the progenitor (e.g. Vestrand Molinari et al. 2007; Melandri et al. 2008; Liang et al. 2013; Zaninoni et al. 2013 ).
Of particular interest are those few cases where a colour variation during the early optical afterglow has been singled out (Nysewander et al. 2006; Morgan et al. 2014) . GRB 120327A is one of such a few events. In general, early time colour variation can be the signature of rather different phenomena, e.g. the passage of a break frequency of the optical spectrum through the optical bands (e.g. Filgas et al. 2011) , variation of the optical extinction due to either dust photo-destruction (Morgan et al. 2014) or the outflow progression through a wind-shaped environment (Rykoff et al. 2004) , and also the superposition of different emission stages, such as forward and reverse shock (Kobayashi & Zhang 2003) in the context of the "fireball" model (Piran 2004) .
In this paper we report and discuss the observations of the long GRB 120327A, concentrating on the early time colour evolution of the optical light curve. Data are reported in Sect. 2. The results are presented in Sect. 3. The possible interpretative scenarios are discussed in Sect. 4 and conclusions are drawn in Sect. 5. The respective temporal and spectral decay indices α and β are defined by f ν (t) ∝ t −α ν −β , and unless stated otherwise, all errors are reported at 1σ.
Observations
GRB 120327A was discovered by the Swift satellite (Gehrels et al. 2004 ) on March 27, 2012, at 02:55:16 UT (Sbarufatti et al. 2012) . The bright X-ray and optical counterparts of this long gamma-ray burst (T 90 ∼ 63 s; Krimm et al. 2012) were observed by the X-ray Telescope (XRT) and the Ultraviolet and Optical Telescope (UVOT). In the UV it was at U ∼ 18 a few minutes after the prompt event (Kuin et al. 2012) . A redshift was quickly measured by Perley & Tanvir (2012) and Krühler et al. (2012) by absorption lines at z = 2.813. Several ground-based facilities observed the field and detected the counterpart in the optical and near-infrared wavelengths. The afterglow was also detected at 34 GHz with a flux density of about 0.7 mJy (Hancock et al. 2012) .
In this paper we retrieved and analysed XRT and UVOT data, together with REM telescope (Zerbi et al. 2001; Covino et al. 2004 ) near-infrared (NIR) data, IAC80, CTIO, BOOTES, PROMPT, Watcher, CQUEAN/2.1m Otto-Struve telescope (Park et al. 2012) , GROND (Greiner et al. 2008) , SMARTS, MITSuME, NOT, and Liverpool Telescope (LT; Steele et al. 2004 ) optical data. For the analysis we included also photometric data from LT-RINGO2 imaging polarimeter (Steele et al. 2017 Hodgkin et al. (2009) . Optical and NIR magnitudes, not corrected for the Galactic reddening E B−V = 0.29 (Schlafly & Finkbeiner 2011) , are reported in Table 2 (Online Material). These data supersede those published in Kuin et al. (2012) , Covino et al. (2012) , Gorosabel et al. (2012) , LaClyuze et al. (2012) , Meehan et al. (2012) , Im et al. (2012) , Cobb (2012) , Kuroda et al. (2012a,b) and Smith & Virgili (2012) . We also used in our analysis data from Sudilovsky et al. (2012) .
Results

Light curves
In Fig. 1 the available optical/NIR data are plotted together with the X-ray light curve at 1 keV. The X-ray afterglow shows a canonical steep-flat-steep evolution with a considerable variability superposed on the general trend. The initial X-ray decay (α X,1 ∼ 3) is consistent with the tail of the prompt BAT emission. Between 3 × 10 2 and 3 × 10 3 s the light curve flattens to α X,2 ∼ 0.4 and then it becomes steeper to α X,3 ∼ 2 up to the limit of detection.
The optical data start during the X-ray flat phase and show a colour evolution in the optical/NIR afterglow getting redder with time. The evolution is stronger in the bluer bands and more rapid at early-time. We performed a multi-band fit of the UV/optical/NIR data in the time interval [200, 2×10 4 ] seconds ( Fig. 1 ). Between 10 3 − 10 4 s the more densely sampled optical bands follow a decay α opt ∼ 1.2. To visually emphasise the observed colour variation, in Fig. 2 we normalised all the early time data to the better sampled R-band, shifting all the U BV magnitudes in order to have good accordance at the time t ∼ 10 3 s (as shown in Fig. 1 the afterglow temporal behaviour after that time is clearly achromatic in the UV/optical/NIR bands). As can be seen the more we move to bluer filters the larger is the deviation at early times from the estimated afterglow decay index. At late time the optical light curve shows the hint of a re-brightening that evolves from the red to the blue. However, the investigation of this late feature is beyond the purpose of this work.
Spectral energy distributions
For the spectral energy distribution (SED) fit we consider the absorption in the optical and X-ray ranges both locally (i.e., in the GRB host galaxy) and arising from the Milky Way (MW). For the optical band we used the extinction laws given by Pei (1992) (Eq. 20 and Table 4 therein) for the MW, the Large Magellanic Cloud (LMC) and Small Magellanic Cloud (SMC). For the X-ray data, we considered the model for the photoelectric cross section per HI-atom units for a given metallicity presented by Morrison & McCammon (1983) , assuming solar metallicity (e.g. Covino et al. 2013; Zaninoni et al. 2013 ).
In addition, D 'Elia et al. (2014) showed that the SED of GRB 120327A is characterised by a powerful Lyman α emission with log N H ∼ 22. This implies that the obtained photometry in the bands including hydrogen lines has to be corrected for the line emission. Moreover, some of our data are obtained with filters that cover spectral ranges bluer than the Lyman α , i.e. about 460 nm in the observer frame. Together with the host galaxy extinction we therefore need to consider the absorption due to intergalactic-medium that can only be computed in statistical sense. We followed the recipe proposed by Japelj et al. (2012) .
In Fig. 3 and Fig. 4 we show the results of the SEDs performed at four different time intervals between 700 and 18000 s after the burst event. The X-ray-to-optical spectral energy distributions are best fitted using a broken power-law 3 . We fit the data considering two possible models (Fig. 4): A. Melandri et al.: Colour variations in GRB 120327A afterglow Fig. 1 . Optical (UBgVRrIiz), NIR (YJHK) and X-ray (1 KeV) light curve of GRB 120327A afterglow. Bands are artificially shifted for clarity (see Table 2 for calibrated magnitudes). Solid lines represent the best fit for the optical/NIR bands, assuming a variable optical spectral index β and fixed optical extinction. Vertical dashed lines show the T mid of the four SEDs described in the main text. The data obtained performing the four SEDs (Fig. 3 ) are in accordance with the second (empirical) model, that is a variable optical spectral index and a constant optical extinction (χ 2 red = 1.18 for 333 d.o.f.). As said before, the X-ray light curve shows the plateau phase between 200 and ∼3000 s. In this epoch the photon index Γ X rises from ∼ 1.2 at ∼ 300 s up to ∼ 2.0 at ∼ 700 s and then seems to decrease until it sets at the value of ∼ 1.6 ± 0.1 (Fig. 4. bottom panel) . This is similar to the variation of the optical spectral index, as reported in Table 1 and fitted in Fig. 4 (mid panel), strengthening the validity of our fit with a broken power-law function. 
Discussion
Early time colour variation
In the context of the standard fireball model (Sari et al. 1998; Chevalier & Li 2000 ) the GRB afterglow is related to the synchrotron emission from a decelerating relativistic shell that slows into an external medium. The observed colour variation in the optical light curve at early time ( Fig. 1 and Fig. 2 ) could arise from different scenarios:
(a) the color evolution could be caused by the passage of a break frequency. Considering that the spectral index β becomes shallower, the passage of the cooling frequency ν c ∝ t 1/2 in the slow cooling wind medium is only the possible case in this scenario, otherwise β becomes steeper or it changes sign (Chevalier & Li 2000) . The passage of ν c is expected to cause the spectral index change ∆β = 1/2, A&A proofs: manuscript no. melandri_120327A simultaneously with the decay index change ∆α = 1/4 in the light curve (Sari et al. 1998 ). However, the observed change in the spectral index is smaller ∆β ∼ 0.2 (i.e. the difference in β between the 1st epoch and the later epochs), and no temporal breaks seem to be associated with this spectral change. Moreover, our spectral energy distributions analysis seems to indicate that ν opt < ν c < ν X at the time of each SED (Fig. 3) . Therefore the passage of a break frequency can not explain the observations well, and the scenario can be discarded; (b) the colour change could be simply caused by a variation of the spectral index β. Following Morgan et al. (2014) , we fit the SEDs letting β free to vary and fixing the dust parameters to the values obtained at late times. Therefore, the colour change can be modelled like a variation in the intrinsic spectral index β, as F ν 2 = F ν 1 (ν 2 /ν 1 ) ∆β 12 (Perley et al. 2010) . Indeed, as can be seen in Fig. 4 (middle panel), this possibility could explain the observed data. From our fit, the largest variation of the spectral index is expected at the very early times (green area), where it goes from β ∼ −1.4 at the time of our first UV detection (∼ 3 × 10 2 s) up to β ∼ −0.7 at t∼ 10 3 s (when in fact the observed temporal behaviour becomes achromatic); (c) another possible source of the colour variation could be a change of the optical extinction because of the dust destruction by the jet within 10 -30 pc (Draine & Salpeter 1979; Waxman & Draine 2000; Fruchter et al. 2001; Perna & Lazzati 2002; Draine & Hao 2002) . This is supported by the fact that long GRBs have massive star progenitors and explode in dusty environments (Morgan et al. 2014) . In this case, both the extinction A V and the reddening R V are expected to change (e.g. Perna et al. 2003) . Therefore, we fitted the optical/X-ray SEDs letting A V and β free to change, since the dust absorption observed at early times can have different signatures than those at late time (Morgan et al. 2014 ). For GRB 120327A we do not see a clear variation of the extinction in our spectral analysis. However, we find an excess of the X-ray absorbing column density at early time (N H ∼ 1.6 × 10 22 cm −2 ) that disappears after ∼ 150 s from the burst onset, becoming consistent with the Galactic value (Willingale et al. 2013) . Assuming the dust-to-gas relation reported by Covino et al. (2013) this would correspond to an A V ∼ 1 mag, implying some sort of extinction variation at very early times. However, the dust destruction scenario seems a contrived explanation.
Summary and conclusions
We analysed the temporal and spectral properties of GRB 120327A. The multi-band fit has highlighted the presence of a colour variation from early to late time that cannot be easily explained with the passage of a break frequency through the optical/NIR bands, either with the assumption of an homogenous or wind-like surrounding medium. However, in the fast-cooling case with a wind-like medium, small changes of the spectral index could be the result of the theoretical curvature of the spectrum (Granot & Sari 2006) .
No evidence for a change in the absorption A V (we find an average A V = 0.05±0.02 for the dust content of the host galaxy), that could explain the observed colour variation, is clearly seen in our data. Although we cannot exclude completely the dust photo-destruction scenario, the variation of the spectral index β seems to be the favoured explanation, reproducing the observed data quite well. Such a variation could be the result of small changes of the microphysical parameters (p, e , and B ) from early to late times. In particular, a small variation of electron spectral index (of the order of ∼ 0.4 dex) would reproduce the observed ∆β. 
